Rejuvenation of stored human red blood cells reverses the renal microvascular oxygenation deficit in an isovolemic transfusion model in rats.
Storage of red blood cells (RBCs) results in various biochemical changes, including a decrease in cellular adenosine triphosphate and 2,3-diphosphoglycerate acid. Previously it was shown that stored human RBCs show a deficit in the oxygenation of the microcirculation in the gut of anesthetized rats. In this study, the effect of RBCs on rat kidney oxygenation and the effect of rejuvenation of stored RBCs on their ability to deliver oxygen were investigated. Washed RBCs, derived from leukoreduced RBCs stored in saline-adenine-glucose-mannitol, were tested in an isovolemic transfusion model in rats after hemodilution until 30 percent hematocrit (Hct). The cells were derived from RBCs stored for up 3 days or from RBCs stored for 5 to 6 weeks with or without incubation in Rejuvesol to rejuvenate the cells. Renal microvascular oxygen concentrations (microPO(2)) were determined by Pd-porphyrin phosphorescence lifetime measurements. Isovolemic transfusion exchange of 5- to 6-week-stored RBCs resulted in a significantly larger decrease in renal microPO(2) than RBCs stored for up to 3 days: 16.1 +/- 2.3 mmHg versus 7.1 +/- 1.5 mmHg, respectively (n = 5). Rejuvenation of stored RBCs completely prevented this deficit in kidney oxygenation. The differences in oxygen delivery were not due to different recoveries of the human RBCs in the rat circulation. This study shows that the storage-induced deficit of human RBCs to oxygenate the rat kidney microcirculation at reduced Hct is completely reversible. Prevention of metabolic changes during storage is therefore a valid approach to prevent this deficit.